The Pseudomonasfluorescens gene (estB) that encodes a novel esterase (esterase II) was cloned into Escherichia coli JM83. DNAsequencing found a single open reading frame of 654 nucleotides. The open reading frame was confirmed by N-terminal amino acid sequence analysis of the esterase protein. A potential Shine-Dalgarno sequence is followed by the coding sequence of the estB gene. The aminoacid sequence deducedfrom the nucleotide sequence contains the consensus active site sequence, G-X-S-X-G, of serine esterases. The enzyme expressed in an E. coli clone was purified by ion-exchange chromatography and gel filtration.
tissues.
Esterases are widely distributed enzymes which catalyze the hydrolysis of ester bonds.
Several esterases from mammaliansources have been purified and characterized in detail.1~4)
Ester-cleaving enzymes from other eukaryotic sources and from eubacteria have also been described.5~9) However, no detailed studies of isoenzymes or multiple forms of microbial esterases have been presented. Despite their functional similarities, it is not clear whether any of the various esterases are genetically related to each other or to the serine proteases, or whether their similarties are the outcome of convergent evolution. Four kinds of esterase from Pseudomonas fluorescens have been reported as follows: cholesterolesterase, 10) carboxylesterase,1 1} acetylcholinesterase, 12) and lipase. 13) In our laboratory, four different genes were isolated from the same strain of P. fluorescens, with esterase activities when expressed in Escherichia coli.14~}
Wenamed the genes as estA, B, C, and D and the product enzymes as esterase I, II, III, and 2839 IV, respectively. Further studies showed that Protein assay. Protein was assayed by a modification of the Bradford method22) using bovine serum albumin as a standard. The concentration of protein in the column effluent was calculated from the absorbance at 280 nm.
Purification of the enzyme. E. coli transformants were grown in 7.0 liters of LBmeidum containing ampicillin (100/^g/ml) for 16hr at 37°C with agitation and aeration. All subsequent steps of purification were done at 4°C. The late log phase cells (Abs600=5) were harvested by centrifugation for 5 min at 7,000 rpm (4,720gr) and the cell pellet was washed twice with 20mMTris buffer, pH 8.5, containing 50mM NaCl and 1 mMEDTA(buffer A). The cell pellet was also resuspened in 200ml of the same buffer and then disrupted by sonication. Unbroken cells and cell debris were removedby ultracentrifugation for 90minat 25,000rpm in a SW-28 rotor (Beckman). The resulting supernatant was fractionated with 30-55% saturation of ammoniumsulfate. The precipitate was dissolved into 40 ml of20mM Tris buffer, pH 8.5, containing 50 mMNaCl, Hydrolysis of various esters. In studies on substrate specificity, enzyme activities were measured using a Radiometer pH stat (Fisher, Titrate Demand Model 383), by titration of liberated fatty acids with 0.01 mMKOHat a constant pH of 7.0. Titration was done at 25°C. The total volume of the assay system was 50ml. An appro-priate amount of substrate was used as an emulsion in 0.5% gum arabic or in buffer solution without emulsifier.
Results and Discussion
Cloning of P. fluorescens esterase gene ChromosomalDNAof P. fluorescens was partially digested with Sau3Al and ligated to the linearized and dephosphorylated pUC19 inserted into the Sma\ site ofpUC19 (Fig. 1) . The open reading frame is preceded by a potential Shine Upstream from the coding sequence, no typical sequence corresponded to the Pseudomonas promoter26) was found. The extent of expression was dependent on the orientation of the inserted DNA in the vector, which suggest that transcription was initiated from a vector-borne promoter. The amino acid sequence of esterase II deduced from the nucleotide sequence contains the sequence, G-F-S114-Q-G (Fig.  2) , which agrees with the consensus sequence surround- suggests that the esterase II is a serine esterase and the Ser114 is the active serine.
The nucleotide sequence of esterase II and the deduced amino acid sequence have no significant homology with those of esterase I. Table I . The purified enzyme had its optimum pH from 6.0 to 9.0 and had a maximumac- molecular weight and substrate specificity as described in Fig. 3 and Table II . Esterase II was completely inactivated by incubation with 10 jj,m phenylmethylsulfonylfluoride or diisopropylfluorophosphate for 30min at 25°C but not by 1 mMofa sulfhydryl group inhibitor such as dithionitrobenzoic acid. The reulsts suggest that a serine residue is present in the active site or substrate binding site of the enzyme, as in the esterase of animal tissues34) and agree with the fact that the deduced amino acid sequence of the esterase II contains the consensus active site sequence of serine esterases. The purified esterase was not inhibited by incubation with 5mMEDTA for 10min at 25°C and not activated by 5mM Ca2+. Considering the classification criterion of nonspecific carboxylic ester hydrolase by Whitaker35) and the facts described above and its substrate specificity, the esterase II was classified as a carboxylesterase (EC 3.1.1.1).
